Summary
The study of the chemistry of polyurethanes has shown that, formed by a simple addition reaction, these materials are universal polymers. From the large variety of chemical substances used, materials with different specialised properties can be obtained. Thermoplastic elastomers based on polyurethanes are the first homogeneous elastomers for which thermoplastics processing methods are used [11] [12] [13] [14] .
Polyurethane thermoplastic elastomers comprise block copolymers whose macromolecules consist of blocks of different chemical structure and properties. They possess high wear resistance and are used for the production of injection-moulded articles and different coatings. Their industrial production has been assimilated in Russia [11, [13] [14] [15] [16] [17] [18] .
However, a considerable shortcoming of these materials is their flammability and their non-compliance with the AP-25 fire safety requirements.
An analysis of the scientific literature and the results of technical patent investigations have shown that in Russia it is mainly developments on the creation of thermoplastic elastomers that do not comply with the AP-25 fire safety requirements that are being carried out. Only one patent has been found in which a method is proposed for increasing the fire resistance of polyurethane foam by introducing into its composition a mixture of expanded graphite, melamine cyanurate, and gypsum in a quantity of 5-50 wt% of the total quantity of components [19] .
Abroad, non-flammability of polyurethane is achieved by introducing ethylenediamine zinc phosphate, a mixture of 10-40% mono-or dipentaerythritol and 90-60% melamine phosphate, and spirocyclic esters of boric acid [11, 20, 21] .
In this paper, the results of investigations conducted with the aim of reducing the flammability of polyurethanes produced by Russian industry are presented.
maTErIaLS aND mETHODS
Investigations were conducted on two grades of polyurethane: Vitur TM 0433 (based on polyether) and Vitur TM 1413 (based on polyester).
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A mixture of polyurethane with fireproofing agents was extruded on a Scamia single-screw extruder of the French company Scamex at temperatures of 160-200°C.
To determine the mechanical characteristics, type 2 dumb-bell testpieces and discs of 100 mm diameter were manufactured by injection moulding on an SZ-63/400 automatic injection moulding machine with screw plasticisation. Sheet testpieces for studying Shore A hardness and flammability were cut out of injection-moulded discs.
The mechanical characteristics of the polyurethanes were assessed by tensile tests of dumb-bell testpieces with the aid of a modernised IR-5045-5 test machine.
For compression tests, 10 mm cylinders (h = 15 mm) were pressed on a laboratory press. Sheet specimens for studying the Shore A hardness and flammability were cut out from injection-moulded discs. In connection with the fact that in tests on the tensile testing machine the sheet dumb-bell testpieces could not be fastened in clamps because of the large strain of the material, tensile tests were conducted on type 5 dumb-bell testpieces cut out from injection-moulded discs.
The fire resistance of the polymers was assessed in accordance with the industry standard OST 1090094-79 currently in force in the Russian Aviation industry. According to this standard, when assessing the fire resistance, the determining indices are the duration of combustion and the length of the burnt part of the specimen of polymeric material (of 50 × 290 nm size) during heating by a gas burner with a flame temperature of 840°C.
With respect to the indices given, the materials are classified into hardly combustible, self-extinguishing, slowly combustible, and combustible (duration of combustion -over 15 s, length of burnt part of specimen -over 170 mm) [22] [23] [24] [25] [26] [27] .
rESuLTS
One of the ways of reducing the flammability of polymers is to introduce fireproofing agents -substances or mixtures that decompose with the formation of nonflammable compounds and/or prevent the breakdown of the material with the liberation of combustible gases. On the basis of the results of analysing published data and technical patent investigations, melamine phosphate and organobentonite were chosen as the fireproofing agents [20, 21, 25, [28] [29] [30] [31] .
Melamine phosphate is widely used owing to its heat stability and relatively low manufacturing cost. As the given fireproofing agent does not contain halogens, it lowers not only the flammability of the polymer but also its smoking capacity.
Organobentonite is a variety of organoclay with a size between layers ('scales') at the nano level. Its introduction into the composite should not only lower its flammability but also leave its mechanical properties at the level of the initial polyurethane, i.e. without the normal reduction in strength and deformation characteristics in such cases.
With the aim of increasing the fire safety properties of the investigated thermoplastic polyurethane, fireproofing agents were introduced into its formulation: melamine phosphate in a quantity of 3 wt% and organobentonite in a quantity of 2.5 and 5.0 wt%. In connection with the fact that, according to published data, positive effects when nanoparticles are introduced into the polymer are observed with a mixing time of 10-20 min, extrusion of polyurethane thermoplastic elastomer and organobentonite was conducted twice. The test results are given in Table 1 .
It was established that the introduction of organobentonite into thermoplastic polyurethane during the first and second extrusions in a quantity of 2.5 and 5.0% makes it possible to shorten the duration of residual combustion to 8-10 s (class of self-extinguishing materials). However, this index is unstable even on a single specimen, which indicates a non-uniform distribution of organoclay in the polymer. Very great dripping and the formation of a large amount of soot are observed. The optimum variant is a composite with 3.0% melamine phosphate, on the introduction of which a reduction in dripping, in soot formation, and in the duration of residual burning to 3 s is observed by comparison with the initial polyurethane. The composite is reclassified as a self-extinguishing material and satisfies entirely the AP-25 fire safety requirements.
From Table 2 it can be seen that, when the given quantity of melamine phosphate is introduced, both batches of polyurethane (based on polyether and based on polyester) become self-extinguishing materials.
A study was made of the effect of a fireproofing agent -melamine phosphate -on the properties of the polyurethanes. Tables 3 and 4 give the strength and deformation properties and Shore A hardness of polyurethanes of the two grades and composites based on them with the fire-proofing agent.
It can be seen that, in the initial state, Vitur TM 1413 has values of compressive stress at e comp = 10% and compression set that are worse than those of polyurethane of grade Vitur TM 0433 (for thermoplastic elastomers, these properties should be lower). The introduction of fireproofing agent into the formulation leads to an increase in the compressive stress and to a negligible reduction in the compression set.
The Shore A hardness has a practically identical value both for the initial polyurethanes and for composites based on them: 87-89 nominal units.
The properties of the developed composites at elevated temperatures were investigated ( Table 5) . Tests were conducted on microspecimens.
Tests showed that, with increase in the test temperature, the tensile strength of the materials decreases from 18.2 to 7.3 MPa for Vitur TM 0433 with melamine phosphate, and for the composite based on Vitur TM 1413 from 24.4 to 7.2 MPa at 100°C. The elongation at break at 60°C (at 60 and 80°C for the composite based on Vitur TM 1413) increases, and at higher temperatures there is a reduction in this index. The tension set is higher for the composite based on Vitur TM 1413.
From Table 1 it can be seen that, at a temperature of 80°C, the tensile strength of the composite based on Vitur TM 0433 is 44% lower, and the tensile strength of the composite based on Vitur TM 1413 is 48% lower. The dependence of the strength and deformation properties of the composites on time and temperature was studied ( Table 6 ).
The tensile strength of the composite based on Vitur TM 0433 after ageing for 500 h at 80°C increases from 18.2 to 21.8 MPa, and at 100°C it decreases to 17.0 MPa.
In the composite based on Vitur TM 1413, the tensile strength at 80°C decreases from 24.4 to 20.1 MPa, and at 100°C to 8.7 MPa. The tension set remains fairly high in both composites (62-120%).
CONCLuSIONS
An investigation of the possibility of reducing the flammability of polyurethanes of grades Vitur TM 0433 and Vitur TM 1413 produced by Russian industry by introducing into their formulation fireproofing agentsmelamine phosphate and organobentonite.
It was shown that a reduction in flammability is ensured by the introduction of 3% melamine phosphate. Both materials are reclassified as self-extinguishing materials, which satisfies the AP-25 fire safety aviation requirements.
The results of tests of the physicomechanical properties and flammability of the polyurethanes and composites based on them (in the initial state, at elevated temperatures, and after heat ageing) showed that a higher level of properties is possessed by the self-extinguishing composite based on polyurethane of grade Vitur TM 0433, which can be used for subsequent modification with the aim of imparting functional characteristics. 
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